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SPECIFICATION 

I. Title of the Invention 

Polymerizable Compound with Acryloyloxyl Group and 
Methacryloyloxyl Group in One Molecule and Curing Agent 

II. Claims 

(1) A polymerizable compound with an aryloyloxyl group and 
a metharyloyloxyl group in one molecule expressed by the general 
formula (I) • 

O O 
11 II 

CH2=CH-CO-R^-r2-R^-OCC=CH2 (I) 

I 

CH3 

[where and R^ are (poly) ethylene oxides expressed by -(CH2CH20)n- 
(where n = 0 - 10) , and R"^ is an alkylene, arylene or cyclo- 
alkylene group.] 

(2) A curing agent containing a polymerizable compound with 
acryloyloxyl group and methacryloyloxyl group in one molecule 
expressed by the general formula (I) - 

^Numbers in the margin indicate pagination in the foreign text. 
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CH2 =CH - CO - - - - 0CC=CH2 



(I) 



CH3 



[where R^ and R^ are polyethylene oxides expressed by -(CH2CH20)n- 
(where n = 0 - 10) , and R^ is alkylene, arylene or cycloalkylene 
group . ] 

(3) A tooth curing agent containing a polymer izable com- 
pound with an acryloyloxyl group and a methacryloyloxyl group in 
one molecule expressed by the general formula (I) . 



[where R^ and R^ are polyethylene oxides expressed by -{CH2CH20)n- 
( where n = 0 - 10) , and R^ is an alkylene, arylene or cycloalkyl- 
ene group . ] 

III. Detailed Description of the Invention 

[Field of Industrial Application] 
This invention relates to a polymerizable compound with an 
aryloyloxyl group and a metharyloyloxyl group in one molecule, a 
curing agent containing same compound and having excellent 
curability (especially photo-curability) , hardness and strength 



O 



0 




(I) 



CH3 



as well as a tooth curing agent of adhesive for the teeth, 
composite 

/2 

resin for the teeth, hard resin, for the teeth etc. 
[Prior Art] 

Heat-curable, cold-curable and photo-curable compositions 
based on (meth) acrylic esters have been used as curable 
compositions for the industry. Many heat-curable, cold-curable 
and photo-curable compositions based on (meth) acrylic esters 
have also been proposed as curable compositions for the teeth, 
such as adhesive for the teeth, composite resin for the teeth, 
hard resin for the teeth, etc. 

However, in the case of curable compositions only with an 
acryloyloxyl group in one molecule, the compositions have good 
polymerizability but inferior water/moisture resistance and heat 
resistance to those based on methacrylic esters. On the other 
hand, in the case of curable compositions only with a 
methacryloyloxyl group in one molecule, they have such a problem 
that the water/moisture resistance and heat resistance are good, 
but the polymerizability is inferior to those based on acrylic 
esters, the polymerization rate is not fully increased by 
polymerization conditions, and the strength and hardness of 
hardened product are not enough, etc. Particularly, when the 
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polymerizable compositions are used in photo-curable 
compositions which have been noticed as curable compositions for 
the teeth more recently, they have such a problem that the 
polymerization rate is on the side far from a light source is 
low, thus the strength or hardness of a cured product is not 
enough . 

The inventors discovered that cold-curable and 
photopolymerization type curable compositions favorable in 
energy, thermal deformation, working life, etc. have many 
residual monomers and residual double bonds by contrast to 
thermal polymerization type curable compositions with a peroxide 
such as benzoyl peroxide as radical initiator and are not 
necessarily give stable hardened products as compared with 
properties of dimethacrylate -originated curable compositions, 
particularly properties of cold-curable and photopolymerization 
type curable compositions and heat-curable compositions. Then, 
the inventors made earnest studies, consequently they discovered 
that the strength and the hardness of a curable composition with 
a polymerizable compound made of 2 ' -acryloxyethyl-2- 
methacryloxyethyl carbamate having both of an acryloyloxyl group 
and a methacryloyloxyl group in one molecule as polymerization 
component are not lower in the case of cold photopolymerization 
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than the case of heat polymerization (Dental Materials and 
Devices, 6 (2), 131 - 134 (1987)). 

[Problems to Be Solved by the Invention] 

However, the strength and the hardness of cured product of 
2' -acryloxyethyl-2-methacryloxyethyl carbamate as described above 
are not necessarily satisfactory, and a curing agent having even 
higher strength and the hardness have been wanted. 

This invention is aimed at providing 
a polymer izable compound with an aryloyloxyl group and a 
metharyloyloxyl group in one molecule which has good curability 
at normal temperature, excellent strength and hardness of cured 
product, fully meets properties required for tooth curing agent 
of adhesive for the teeth, composite resin for the teeth, hard 
resin for the teeth, etc. in addition to these uses, they are 
also usable for purposes of various resins for precision works 
other than the teeth and 
a curing agent . 

[Means for Solving the Problems] 

This invention is the following polymerizable compound and 
curing agent . 

(ij A polymerizable compound with an acryloyloxyl group and 
a methacryloyloxyl . group in one molecule expressed by the general 
formula (I) . 



CH2=CH-CO-R^-R^-R^-OCC=CH2 • (D 

I 

CH3 

[where and are polyethylene oxides expressed by -(CH2CH20)n- 
(where n = 0 - 10) , and is an alkylene, arylene or cycloalkyl- 
ene group - ] 

(2) A curing agent containing a polymer izable compound with 

an aryloyloxyl group and a methacryloyloxyl group in one molecule 

expressed by the general formula (I) . 

O 0 
II II 

CH2=CH-CO-R^-R^-R^-OCC=CH2 • (D 

I 

CH3 

[where R^ and R^ are polyethylene oxides expressed by -{CH2CH20)n- 
(where n = 0 - 10) , and R^ is an alkylene, arylene or cycloalkyl- 
ene group . ] 

(3) A tooth curing agent containing a polymer izable 
compound with an acryloyloxyl group and a methacryloyloxyl group 
in one molecule expressed by the general formula (I) . 

O 0 
II II 

CH2=CH-CO-R^-R^-R^-OCC=CH2 ••• (I) 

I 

CH3 

[where R^ and R^ are polyethylene oxides expressed by -{CH2CH20)n- 



(where n = 0 - 10) , and is an alkylene, arylene or cycloalkyl- 
ene group . ] 

The polymer izable compounds with an acryloyloxyl group and 
a methacryloyloxyl group in one molecule are compounds expressed 
by the above general formula (I) . 

In the general formula (I), -(CH2)n'- (where n = 1 -20), 

etc. are given as an arylene group expressed by R^. 

Moreover, (6 groups, p3, upper left to right), etc. are 
given as arylene group expressed by R^. 

Furthermore, (6 groups, p3, upper right), etc. are given as 
arylene group expressed by R^. 

The polymerizable compounds of above general formula (I) 

are acrylate-methacrylates with an aryloyloxyl group or a 

metharyloyloxyl group in one molecule. As typical compounds 

included in the compounds of above general formula (I) , ethylene 

glycol acrylate-methacrylate, propylene glycol acrylate- 

methacrylate , diethyl ene glycol acrylate -methacrylate , 

triethylene glycol acrylate -methacrylate, polyethylene glycol 

acrylate -methacrylate, neopentyl glycol acrylate -methacrylate, 

buthylene glycol acrylate -methacrylate, hexylene glycol 
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CH3 

■ CH2 - C - CH2 - / 

I 

CH3 



acrylate-methacrylate, l-acryloyloxyethoxy-2- 
methacryloyloxyethoxy-benzene, l-acryloyloxyethoxy-3- 
methacryloyloxyethoxybenzene , 1 -acryloyloxyethoxy-4 - 

methacryloyloxyethoxybenzene, 2- (4 ' -aryloyl-oxyethoxyphenyl) -2- 
(4 ' -methacryloyloxyethoxyphenyl) propane, 2- (4 ' - (3 ' -acryloyloxy- 
2 ' -hydroxypropoxy) phenyl) -2- (4 ' - (3 ' -meth-acryloyloxy-2 ' - 
hydroxypropoxy) phenyl ) propane , 1 -aryloyloxy-methyl -2 - 

methacryloyloxymethylcyclohexane , 1 -acryloyloxymethyl - 3 - 

methacryloyloxymethylcyclohexane , 1 -acryloyloxymethyl -4 - 

methacryloyloxymethylcyclohexane, 2- (4' -acryloyloxyethoxy- 

cyclohexyl) -2- (4' -methacryloyloxyethoxycyclohexyl) propane, 2- 
(4' -acryloyloxycyclohexyl) -2- (.4' -methacryloyloxycyclohexyl) - 
propane, 2- (4' - (3' -acryloyloxy-2 ' -hydroxypropoxy) cyclohexyl) -2- 
(4 ' - (3 ' -metharyloyloxy-2 ' -hydroxypropoxy) cyclohexyl) propane, etc . 
can be exemplified. 

The following methods can be given as methods of preparing 
the compounds of general formula (I) . 

Synthesis from carboxylic acid and alcohol 

This is the most general method for synthesizing an ester 
by dehydration of a carboxylic acid and an alcohol. Sulfuric, 
hydrochloric acid, dimethylaniline, aromatic sulfonic acid such 
as p-toluenesulfonic acid, etc. or Lewis acid such as boron 
fluoride etherate, etc. is used as catalyst, and water is 



removed from the system by refluxing a solvent such as benzene, 
etc. to shift an equilibrium of the following formula. 

R^COsH + R^OH ±5 R^COzR^ + H2O ••• (II) 

/i 

Synthesis with acid chloride 
An ester is synthesized by reaction of an acid chloride and 
an alcohol . 

R^COX + R^OH ->R^C02R^ + HX • ■ (III) 

Actually, a base such as pyridine or triethylamine, tetra- 
methylurea, etc. is added to a reaction system, and the reaction 
proceeds to the right by removing a produced hydrogen halide 
from the system. 

Synthesis by transesterif ication 
A methacrylate or an acrylate and a corresponding alcohol 
are transesterif ied by the following formula with an acid such 
as sulfuric acid, p-toluene sulfonic acid or a base such as 
potassium alkoxide, etc. as catalyst. 
CH3 CH3 

I I 

CH2-C-CO2CH3 + ROH 1:5 CH2=CC02R + CH3OH ••• (IV) 

The reaction proceeds to the right by using a large excess 

of alcohol or removing the produced methanol . 

Synthesis by reaction of acid anhydride and alcohol 
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R^CO 

\ 

o + R^OH -> R^COsR^ + R^COsH - (V) 

/ 

R^CO 

Usually, this reaction proceeds only by heating the system, 
but an acid or a base catalyst is frequently used to accelerate 
the reaction. 

The compounds of general formula (I) have good curability, 
(especially photo-curability) , excellent strength and hardness 
of cured product and can be used as common curing agent for the 
purpose of precision work, etc., particularly, they can be used 
as tooth curing agent for the purposes of adhesive for the 
teeth, composite resin for the teeth, hard resin for the teeth, 
etc . 

The compounds of general formula (I) are used for common 
curing agent or tooth curing agent in the curing agent of Claim 
2 and the curing agent of Claim 3 of this invention. When the 
compounds of general formula (I) are used as curing agent and 
tooth curing agent, they are preferably blended with a vinyl 
compound or a radical polymerization initiator and used as a 
curable composition. 

As vinyl compounds blended with such curable compositions, 
common radically polymerizable carbon-carbon unsaturated mono- 
mers can be given, more specifically, ester unsaturated monomers, 
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nitrile unsaturated monomers, aromatic vinyl compounds, etc. can 
be given. As unsaturated carboxylic acid monomers, acrylic acid, 
methacrylic acid, etc. can be given; as ester unsaturated 
monomers, (meth) acrylate monomers, lower aliphatic unsaturated 
carboxylate monomers such as vinyl acetate, allyl acetate, etc. 
can be given. As nitrile unsaturated monomers, acrylonitrile, 
methacrylonitrile, etc. can be given. As aromatic vinyl compounds, 
styrene, a-methylstyrene, vinyl toluene, isopropenyl toluene, etc. 
can be given. 

As (meth) acrylate monomers, (meth) acrylate monomers formed 
from acrylic acid or methacrylic acid and a monovalent hydroxyl 
compound or a multivalent hydroxyl compound are specifically 
given. More specifically, alkyl (meth) acrylates such as methyl 
(meth) acrylate, ethyl (meth) acrylate, etc.; 2-hydroxyethyl (meth) - 
acrylate, 2-hydroxypropyl (meth) acrylate, ethylene glycol 
di (meth) acrylate , propylene glycol di (meth) acrylate , diethyl ene 
glycol di (meth) acrylate, triethylene glycol di (meth) acrylate, 
polyethylene glycol di (meth) acrylate, polypropylene glycol 
di (meth) acrylate, neopentyl glycol di (meth) acrylate, butylene 
glycol di (meth) acrylate, hexylene glycol di (meth) acrylate, 2,2- 
bis [4- (meth) acryloyloxylphenyl) propane, 2, 2 -bis [4- (meth) - 

acryloyloxylcyclohexyl) propane, 2, 2 -bis [3- (meth) acryloyloxyl-2- 
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hydroxypropoxyphenyl ) propane , 1,2 -di (meth) acryloyloxylethoxy- 

benzene, 1, 3-di (meth) acryloyloxylethoxybenzene, trimethylol pro- 

/5 

pane tri (meth) acrylate , pentaerythritol tetra (meth) acrylate , 
dipentaerythritol hexa (meth) acrylate, an adduct formed from 1 
mol of 2,2,4(2,4,4) - trimethyl hexamethylenediisocyanate and 2 
mol of 2 -hydroxy ethyl (meth) acrylate, etc. can be exemplified. 

In these radically polymerizable monomers, radically poly- 
merizable poiyfunctional (meth) acrylate monomers having at least 
two (meth) acryloyloxyl groups in one molecule or radically 
polymerizable (meth) acrylate monomer mixtures based on the 
radically poly-merizable poiyfunctional (meth) acrylate monomers 
are particularly preferable. As said radically polymerizable 
poiyfunctional (meth) acrylate monomers, mixtures of two or more 
of triethylene glycol di (meth) acrylate, 1, 3-di (meth) acryloyl- 
oxylethoxybenzene , • an adduct formed from 1 mol of 2,2,4(2,4,4)- 
trimethylhexamethylene diisocyanate and 2 mol of 2-hydroxyethyl 
(meth) acrylate, etc. can be preferably used. 

As polymerization initiators blended into the above curable 
compositions, common radical polymerization initiators or 
photopolymerization initiators can be used. As such radical 
polymerization initiators, organic peroxides such as diacetyl 
peroxide, dipropyl peroxide, dibutyl peroxide, dicapryl 
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peroxide, dilauroyl peroxide, dibenzoyl peroxide, P/P'- 
dichlorobenzoyl peroxide, p,p' -dimethoxybenzoyl peroxide, P/P'- 
dimethylbenzoyl peroxide, p,p' -dinitrodibenzoyl peroxide, etc. 
can be specif i-cally exemplified. Dibenzoyl peroxide is 
preferable among them. When an organic peroxide is used, an 
aromatic amine such as N,N-dimethylaniline, N,N- 
dimethyltoluidine, N, N-diethyltoluidine, N,N-dimethyl-p-t- 
butylaniline, N,N-dimethylanisidine, N,N-dimethyl-p- 

chloroaniline, etc. can be used together or an aromatic sulfinic 
acid or its salt such as benzene sulfinic acid, o-toluene 
sulfinic acid, p-toluene sulfinic acid, ethylbenzene sulfinic 
acid, decylbenzene sulfinic acid, dodecylbenzene sulfinic acid, 
chlorobenzene sulfinic acid, naphthalene sulfinic acid, etc. can 
be used together according to demand. 

When the radical polymerization initiators are used, the 
composition is cured due to the completion of radical poly- 
merization. Although a time necessary for this curing varies 
with conditions such as kind of poly (meth) acrylate monomers used 
and reaction temperature, etc., for example, a cured composition 
having a practically sufficient strength can be obtained in a 
time range of several 10 sec to several min if benzoyl peroxide 
and N,N-dimethyl-p-toluidine are used. 
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As photopolymerization initiators, a-diketocarbonyl 
compounds such as diacetyl, 2 , 3-pentandione, benzil, dimethoxy- 
benzil, 4,4' -dichlorobenzil, camphorquinone, etc. can be 
specifically exemplified. When the a-diketocarbonyl compounds are 
used as photopolymerization initiators, amines such as 
triethyl amine , trimethylamine , tripropyl amine , N , N-dimethyl - 
aminoethyl methacrylate , N, N-diethylaminoethyl methacrylate , 
N , N-dimethylanil ine , N-methyldiphenylamine , 4 - dimethyl amino - 
benzaldehyde, 4- (methylhexylamino) benzaldehyde, 4 -dime thy 1 amino - 
benzoic acid, 4-diethylaminobenzoic acid, methyl 4- (methylcyclo- 
hexylamino) benzoate, etc. can also be used together according to 
demand. When a photopolymerization initiator is used, a composi- 
tion blended with a photopolymerization initiator is applied to 
a tooth, and then a light is illuminated thereon. As 
illuminating lights, xenon lamp light, mercury lamp light, 
halogen lamp light, etc. can be given. The photopolymerization 
initiator decomposes to become a radical, and a radical poly- 
merization initiates and proceeds to cure the composition. 
Although a time necessary for this curing varies with the kind 
and amount of poly (meth) acrylate monomers used and photopoly- 
merization initiator used and the amount of filler if it is con- 

/6 
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tained, etc., for example, when a curable composition having a 
practically sufficient strength can be obtained in a time range 
of several sec to several min if camphor qui none and N,N- 
dimethylaminobenzaldehyde are used. 

When a peroxide is used as radical polymerization initiator 
in the above curable composition, the use ratio of this peroxide 
is commonly in a range of 0.01 to 10 pt (abbreviation of "part 
by weight", translator), preferably 0.01 to 5 pt, and more 
preferably 0.02 to 3 pt to 100 pt of a radically polymerizable 
monomer mixture (a compound of general formula (I) + a vinyl 
compound, same hereafter) ; when amines are used together with 
the peroxide, the use ratio of the amines is commonly in a range 
of 0.01 to 10 pt, preferably 0.01 to 5 pt, and more preferably 
0.02 to 3 pt to 100 pt of a radically polymerizable monomer 
mixture . 

When the photopolymerization initiators are used as radical 
polymerization initiators, the use ratio of a-diketocarbonyl 
compounds is commonly in a range of 0.01 to 10 pt, preferably 
0.01 to 5 pt, and more preferably 0,02 to 3 pt to 100 pt of a 
radically polymerizable monomer mixture, and the use ratio of 
said amines is commonly in a range of 0.01 to 10 pt, preferably 
0.01 to 5 pt, and more preferably 0.02 to 3 pt to 100 pt of a 
radically polymerizable monomer mixture. 
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In the above curable compositions, the photopolymerizable 
compositions using a photopolymerization initiator as 
polymerization initiator are suitable because it has excellent 
work-ability in curing. 

In the above curable compositions, other ingredients, e. 
g., powdery inorganic filler, composite filler given by 
polymerization covering treatment of the surface of an inorganic 
filler with a radically polymerizable polyf unctional (math) - 
acrylate monomer, organic polymer, tackifier, photosensitizer, 
polymerization modifier, polymerization inhibitor, pigment, etc. 
can be further blended according to demand. 

As powdery inorganic fillers, kaolin, talc, clay, calcium 
carbonate, silica, silica-alumina, alumina, titanium oxide, 
calcium phosphate, glass powder, quartz powder, etc. can be 
specially given. As organic polymers, wax, ethylene -yinyl 
acetate copolymer, polymethyl acrylate, polymethyl methacrylate, 
and their copolymers, etc. can be given. The blend ratios of 
these ingredients are proper. 

The photo-curable compositions using the photopolymeriza- 
tion initiators undergo polymerization and curing due to 
illumination of a light. Natural ray artificial rays may be used 
as light, and rays from ultraviolet region to visible region are 
possibly used. High-pressure mercury lamp, medium-pressure 
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mercury lamp, low-pressure mercury lamp, halogen lamp, tungsten 
lamp, etc. can be used. The temperature at the time of photo- 
curing is commonly in a range of 0 - 60^C, preferably 5 - 50°C, 
and the illumination time is commonly 1 sec - 5 min. 
[Actual Examples] 

Actual examples of this invention will be illustrated 
below, "pt", are on weight basis in the examples. 

[Actual Example 1] 

112.0 pt of 2-hydroxyethyl acrylate, 105.9 pt of meth- 
acrylyl chloride, 0.1 pt of hydroquinone monomethyl ether and 
500 pt of diethyl ether were charged in a flask. A mixture of 
80.2 pt of pyridine and 200 pt of diethyl ether was dropped in 1 
hr while stirring at 25°C. The mixture was reacted for 8 hr as 
they were, and then 300 pt of water was added to terminate the 
reaction. The ether layer of this reaction solution was washed 
with 500 mL of 2% aqueous sodium bicarbonate solution three 
times, with 500 pt of 5% hydrochloric acid three times and 500 
pt of water three times, dried over magnesium sulfate, then 
diethyl ether was distilled under reduced pressure followed by 
reduced pressure distillation to give 125.0 pt of an objective 
ester A as colorless clear liquid distilled off at 68 - 70°C/1 mm 
Hg. Its IR chart is as shown in Fig. 1. When the ^H-NMR was 
measured, peaks 3H{t) at 1.9 ppm, 4H(?) at 4.4 ppm and 5H(m) at 
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5.5 - 6.4 ppm were observed. This ester A was ethylene glycol 

acrylate-methacrylate expressed by the following formula. 

0 O 
II II 

CH2=CH-COCH2CH20CC=CH2 •• (VI) 

I 

CH3 

[Actual Example 2] 

50.0 pt of diethyl glycol monomethacrylate (PE-90 made by 

Nippon Yushi Co., Ltd.), 30.0 pt of acrylyl chloride, 0.05 pt of 
hydroquinone monomethyl ether and 500 pt of diethyl ether were 
charged in a flask, cooled to -10°C with an ice-salt bath, a 
mixture of 30.0 pt of triethylamine and 200 pt of diethyl ether 
was dropped in 2 hr while stirring. The mixture was stirred for 
30 min as they were, and then 300 pt of water was added to 
terminate the reaction. The ether layer of this reaction solu- 
tion was washed with 500 mL of 2% aqueous sodium bicarbonate 
solution three times, with 500 pt of 5% hydrochloric acid three 
times and 500 pt of water three times, dried over magnesium 
sulfate, then diethyl ether was distilled under reduced pressure 
to give 26.5 pt of an objective ester B as colorless clear 
liquid. Its IR chart is as shown in Fig. 2. When the ''■H-NMR was 
measured, peaks 3H{t) at 1.9 ppm, 8H(m) at 3.7 - 4.4 ppm and 
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5H(m) at 5.5 - 6.4 ppm were observed. This ester B was 
diethylene glycol acrylate-methacrylate expressed by the follow- 
ing formula. 

0 0 
II II 

CH2=CH-CO(CH2CH20)2CC=CH2 - (VII) , 

I 

CH3 

[Actual Example 3] 

63.2 pt of triethyl glycol monomethacrylate (PE-130 made by 
Nippon Yushi Co., Ltd.), 31.5 pt of acrylyl chloride, 0.05 pt of 
hydroquinone monomethyl ether and 500 pt of diethyl ether were 
charged in a flask, cooled to -10°C with an ice-salt bath, a 
mixture of 33.0 pt of triethylamine and 200 pt of diethyl ether 
was dropped in 2 hr while stirring. The mixture was stirred for 
30 min as they were, and then 300 pt of water was added to 
terminate the reaction. The ether layer of this reaction 
solution was washed with 500 mL of 2% aqueous sodium bicarbonate 
solution three times, with 500 pt of 5% hydrochloric acid three 
times and 500 pt of water three times, dried over magnesium 
sulfate, then diethyl ether was distilled under reduced pressure 
to give 31.5 pt of an objective ester C as colorless clear 
liquid. Its IR chart is as shown in Fig. 3. When the "^H-NMR was 
measured, peaks 3H(t) at 1.9 ppm, 12H(m) at 3.7 - 4.4 ppm and 
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5H(m) at 5.5 - 6.4 ppm were observed. This ester C was 
triethylene glycol acrylate-methacrylate expressed by the 
following formula. 



O O 
II II 

CH2=CH-CO(CH2CH20)3CC=CH2 • (VIII) 

I 

CH3 

[Actual Example 4] 

100 pt of 1, 3-bis {2' -hydroxyethoxy)benzene, 52 pt of meth- 
acrylic acid, 2 pt of toluene sulfonic acid monohydrate and 0.1 
pt of hydroquinone monomethyl ether were dissolved in 1,500 pt 
of benzene, and then dehydrated for 24 hr under reflux by 
heating. The reaction solution was cooled to room temperature, 
insoluble matter was filtered, then the filtrate was vibrated 
with 500 pt of 0.5 N aqueous sodium hydroxide solution until it 
became neutral, washed with 500 pt of water and dried over 
sodium sulfate and magnesium sulfate. Benzene was distilled 
under reduced pressure and vacuum dried to give 86.5 pt of 1- 
(2 ' -methacryloxyethoxy) ~3- (3 ' -hydroxyethoxy) benzene . 86.5 pt of 
the resultant compound and 35.0 pt of acrylyl chloride were 
dissolved in 700 pt of diethyl ether, and a mixture of 50 pt of 
triethylamine and 450 pt of diethyl ether was dropped in 1 hr 
while stirring at 0°C. The mixture was reacted for 6 hr as they 



were, and then 5 pt of water was added to terminate the 
reaction. The reaction solution was filtered, the filtrate was 
vibrated until it became neutral with 500 pt of 0.1 N aqueous 
sodium hydroxide solution, washed with 500 pt of water, then 
dried over sodium sulfate and magnesium sulfate. The ether was 
distilled under reduced pressure and vacuum dried to give 41.8 
pt of an objective ester D. Its IR chart is as shown in Fig. 4. 
When the ^H-NMR was measured, peaks 3H at 1.5 ppm, 8H(m) at 4 , 0 - 
4.7 ppm, 5H at 5.4 - 6,3 ppm and 4H at 6.3 - 7.3 ppm were 
observed. This ester D was l-acryloyloxyethoxy-3-methacryloyl- 
oxyethoxybenzene expressed by the following formula. 

O O 

II II 
CH2=CH-COCH2CH20- (m-C6H4) -CH2CH20CC=CH2 - (IX) 

I 

CH3 

[Actual Example 5] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenzalde- 

/8 

hyde were added to a 1:1 (weight ratio) mixture of the ester A 
of Actual Example 1 and UDMA (dimethacryloyloxyethyl (trimethyl- 
hexamethylenediurethane) expressed by he following formula (X) ) 
as photopolymerization initiator and uniformly mixed, then the 
mixture was allowed to flow into a mold made of polytetraf luoro- 
ethylene. It was put into a xenon lamp XS for dentacollar 
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{"r" >9ijy') (made by ^jivt Co.) and cured by illumination to give a 
3 mm- thick cured product, then the compression strength and 
Brinell hardness (at the illumination plane and 3 mm under the 
illumination plane) were determined. At this time, a test piece 
was illuminated for 2 min by 2 min from both sides of the mold 
in the case of compression strength and illuminated for 2 min 
from one side of the mold in the case of Brinell hardness. The 
test methods for compression strength and Brinell hardness were 
based on methods described in Nobuo Nakabayashi, Kozo Tomoda and 
Mitso Arakane, Dental Materials and Devices, 5, 422 (1986) . 
CH3 CH3 CH3 CH3 

I II I 

CH2=CCOOCH2CH20CONHCH2CCH2CCH2CH2NHCOOCH2CH20COC=CH3 ••• (X) 

• I I 

(where one of R^ and R^ is a hydrogen atom and the other is a 
methyl group) 

[Actual Example 6] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenz- 
aldehyde were added to a 1:1 (weight ratio) mixture of the ester 
A of Actual Example 1 and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, then 1.8 pt of a 
filler was added to 1 pt of this mixture to make it into a 
uniform paste. The filler mixed at this time had a composition 
as shown below. Namely, 1 pt of a THPT composite filler (a 



filler given by adding 100 pt of fused silica-aerosil R-972 
(made by Nippon Aerosil Co.) and 1 pt of benzoyl peroxide to 100 
pt of trimethylolpropane trimethacrylate, mixing uniformly, then 
heating at 120°C for 20 min to polymerize and crushing it to a 
powder of 20 |im in mean particle size) was mixed with 1 pt of 
fused silica-aerosil RM-50 (trade-name, made by Nippon Aerosil 
Co.). This paste was allowed to flow into a mode made of tetra- 
f luoroethylene, put into a xenon lamp XS for dentacollar (made 
by '^)VVy Co.) and cured by illumination to give a 3 mm-thick 
cured product, then the compression strength and Brinell 
hardness (at the illumination plane and 3 mm under the 
illumination plane) were determined. At this time, a test piece 
was illuminated for 2 min by 2 min from both sides of the mold 
in the case of compression strength and illuminated for 2 min 
from one side of the mold in the case of Brinell hardness. 
[Actual Example 7] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenz- 
aldehyde were added to a 1:1 (weight ratio) mixture of the ester 
C of Actual Example 3 and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, then allowed to 
flow into a mode made of tetraf luoroethylene . It was put into a 
xenon lamp XS for dentacollar (made by ^jryr Co.) and cured by 
illumination to give a 3 mm-thick cured product, then the 
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compression strength and Brinell hardness (at the illumination 
plane and 3 mm under the illumination plane) were determined. At 
this time, a test piece was illuminated for 2 min by 2 min from 
both sides of the mold in the case of compression strength and 
illuminated for 2 min from one side of the mold in the case of 
Brinell hardness. 

[Actual Example 8] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenz- 
aldehyde were added to a 1:1 (weight ratio) mixture of the ester 
C of Actual Example 3 and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, then 1.8 pt of a 
filler was added to 1 pt of this mixture to make it into a 
uniform paste. The filler mixed at this time had a composition 
as shown below. Namely, it was given by adding 1 pt of the THPT 
composite filler of Actual Example 6 to 1 pt of fused silica- 
aerosil RM-50 (made by Nippon Aerosil Co.). This paste was 
allowed to flow into a mode made of tetraf luoroethylene, put 
into a xenon lamp XS for dentacollar (made by 1)VVi Co.) and 
cured by illumination to give a 3 mm- thick cured product, then 
the compression strength and Brinell hardness (at the 
illumination plane and 3 mm under the illumination plane) were 
deter-mined. At this time, a test piece was illuminated for 2 
min by 2 min from both sides of the mold in the case of 



compression strength and illuminated for 2 min from one side of 
the mold in the case of Brinell hardness. 
[Comparison Example 1] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenzalde- 

II 

hyde were added to a 1:1 (weight ratio) mixture of ethylene 
glycol dimethacrylate and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, then the mixture 
was allowed to flow into a mode made of tetraf luoroethylene . It 
was put into a xenon lamp XS for dentacollar (made by 1)VVi Co.) 
and cured by illumination to give a 3 mm- thick cured product, 
then the compression strength and Brinell hardness (at the 
illumination plane and 3 mm under the illumination plane) were 
determined. At this time, a test piece was illuminated for 2 min 
by 2 min from both sides of the mold in the case of compression 
strength and illuminated for 2 min from one side of the mold in 
the case of Brinell hardness. 
[Comparison Example 2] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenzalde- 
hyde were added to a 1:1 (weight ratio) mixture of ethylene 
glycol dimethacrylate and UDMA of Actual Example 5 as photo - 
polymerization initiator and uniformly mixed, 1.8 pt of a filler 
was added to 1 pt of this mixture to make it into a uniform 



paste. The filler mixed at this time had a composition shown 
below. Namely, it was given by adding 1 pt of a THPT composite 
filler of Actual Example 6 to 1 pt of fused silica-aerosil RM-50 
(made by Nippon Aerosil Co.). This paste was allowed to flow 
into a mode made of tetraf luoroethylene, put into a xenon lamp 
XS for dentacollar (made by 1)VVi Co.) and cured by illumination 
to give a 3 mm- thick cured product, then the compression 
strength and Brinell hardness (the illumination plane and 3 mm 
under the illumination plane) were determined- At this time, a 
test piece was illuminated for 2 min by 2 min from both sides of 
the mold in the case of compression strength and illuminated for 
2 min from one side of the mold in the case of Brinell hardness. 
[Comparison Example 3] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenzalde- 
hyde were added to a 1:1 (weight ratio) mixture of triethylene 
glycol dimethacrylate and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, and then it was 
allowed to flow into a mode made of tetraf luoroethylene . It was 
put into a xenon lamp XS for dentacollar (made by Co.) and 

cured by illumination to give a 3 mm- thick cured product, then 
the compression strength and Brinell hardness (at the 
illumination plane and 3 mm under the illumination plane) were 
deter-mined. At this time, a test piece was illuminated for 2 



min by 2 min from both sides of the mold in the case of 
compression strength and illuminated for 2 min from one side of 
the mold in the case of Brinell hardness. 
[Comparison Example 4] 

0.1% of camphorquinone and 0.1% of p-dimethylaminobenzalde- 
hyde were added to a 1:1 (weight ratio) mixture of triethylene 
glycol dimethacrylate and UDMA of Actual Example 5 as photo- 
polymerization initiator and uniformly mixed, and then 1.8 pt of 
a filler was added to 1 pt of this mixture to make into a 
uniform paste. The filler mixed at this time had a composition 
shown below. Namely, it was given by adding 1 pt of a THPT 
composite filler of Actual Example 6 to 1 pt of fused silica- 
aerosil RM-50 (made by Nippon Aerosil Co.). This paste was 
allowed to flow into a mode made of tetraf luoroethylene, put 
into a xenon lamp XS for dentacollar (made by ^;U77 Co.) and 
cured by illumination to give a 3 mm- thick cured product, then 
the compression strength and Brinell hardness (at the 
illumination plane and 3 mm under the illumination plane) were 
determined. At this time, a test piece was illuminated for 2 min 
by 2 min from both sides of the mold in the case of compression 
strength and illuminated for 2 min from one side of the mold in 
the case of Brinell hardness. 

The above results are collected and shown in Table 1. 
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Table 1 (revised) 





Compression Strength 
(xlO' kgf/cm^) 


Brinell 


Hardness 


Upper 


Lower 


Actual Example 5 


39.2 


28.1 




Actual Example 6 


43.6 


40.7* 


39,2 


Actual Example 7 


35.8 


21.7 




Actual Example 8 


46.9 


37.7 


35.9 


Comparison Example 1 


33.3 


27,2 




Comparison Example 2 


41.3 


36.6 


31.7 


Comparison Example 3 


35.6 


21.6 




Comparison Example 4 


38.0 


34.2 


32.3 



In Table 1, if Actual Examples 5, 6, 7, 8 and Comparison 

/lO 

Examples 1, 2, 2, 4 are compared, the compression strength shows 
higher values in case of using a polymer izable compound 
containing an acryloyloxy group and a methacryloyloxyl group 
than in case of using a methacryloyloxyl group only. Here, it 
should be specially noticed to make a comparison of Brinell 
hardnesses at the illumination plane and 3 mm under the 
illumination plane. The hardness at the illumination plane in 
case of using a polymerizable compound containing a meth- 
acryloyloxyl group only is lower than in case of using a 
polymerizable compound containing an acryloyloxy group and a 
methacryloyloxyl group, and the reduction of Brinell hardness 3 
mm under the illumination plane also gradually increases. From 
these results, it is known that the photo-polymerizability is 



higher in case of using a polymer izable compound containing an 
acryloyloxy group and a methacryloyloxyl group than in case of 
using a polymerizable compound containing a methacryloyloxyl 
group only, thus the usefulness of compounds containing an 
acryloyloxy group and a methacryloyloxyl group in the case of 
radical polymerization with a photopolymerization initiator is 
evident . 

[Effects of the Invention] 

As described above, according to this invention, a novel 
and useful compound with an acryloyloxyl group and a methacryl- 
oyloxyl group in one molecule is obtained, and a curing agent 
containing it and a tooth curing agent give excellent curability 
at normal temperature, especially good photo-curability, and 
excellent strength, hardness of cured product. 

IV. Brief Description of the Drawings 

Fig. 1 to Fig. 4 are diagrams showing IR charts of Actual 
Examples 1 - 4 . 
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Fig. 2 
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Fig. 3 
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